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SUMMARY

Shear fatigue tests were made of Joints with i%-—inch—diameter

2hsm31 (~F)L rivets in 0,064—inch—thick Alclad sheet of the following
high-strength aluminum alloys; Alclad 248-T3 (—T),l Alclad 24S—T81,
Alclad 24s-T36 (—RT),l Alclad 245-T86, Alclad 755-T6 (-T),t

Alclad 14S-Th (-W),l and Alclad 14816 (~T).1 One series of tests was

made on Joints with 36 —inch-diemster 175-T31 (-T)! rivets in 0.0Bh—inch—

thick Alclad 758-T6 (-T)T aluminum alloy.

The results showed that the design of the Jolnt gives a wider
range of fatigue strengths than does the cholce of materlal from the
group studled. The results also showed that no one sheet alloy showed
superiority over the others.

INTRODUCTION

The research program of the Aluminum Research ILeboretories has
included the fatigue testing of Joints of various types using aircraft—
slze rivets. The results of some of the tests have been presented 1n
references 1 and 2.

It 1s the purpose of this report to expand the field covered by
reference 2 and to summarize the avallable test data of Jolnts
with {% —Inch—diameter 24S-T31 rivets in 0.06L—inch—thick Alclad sheet
of the high-strength aluminum alloys.

1¥ormer temper designation given 1n parentheses.
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MATERTATS AND SPECIMENS

Alclad sheet of the following alloys and tempers was used in these
tests: Alclad 24S-T3, Alclad 24S-T81, Alclad 245-T36, Alclad 24S-T86,
Alclad T58-T6, Alclad 14S-Tk, and Alclad 14S-T6. The actual thicknesses
of the sheet and of the Alclad coating (each side) are given in table I.
The tensile properties are given in table I and all the values satisfy
the respective specification requirements. They are also In good.agree—
ment with the typical values. The artiflclally aged materials were
obtalned from the same lots as the corresponding naturally aged
materials.,

A1l the rivets used were 3/16 inch in dlameter; 24LS-T31 was used
for all the rivets except for one set which was of 175-T31. They were
heat—treated, quenched, refrigerated, and driven cold immediately after
removal from the refrigerant (—T'31 temper). As noted in tables IT
and IIT, the manufactured heads of some were of the brazier itype and
some were countersunk at 100°. The driven heads were all flat. ~For
items 36, 38, 39, and 43, the sheet was machine—countersunk while for
items 44, 45, 52, and 53 the sheet wag dimpled either by spin—dimpling
or coin—dimpling as noted. The rivets were allowed to age at room
temperature for at least 4 days before testing.

The individual fatligue specimens were simple lap Joints contalning
a single rivet. They were 1 inch wide and the lap was 3/4 inch long as
shown in filgure 1., They were cut from panels 20 Inches long containing
16 rivets as shown in figure 2. After sawing, the edges of the
speclmens were finished by machining in .the longitudinal directlon.
The specimens for statlc test also contalned a single rivet and were
cut from panels as shown In figure 3.

METHODS OF TESTING

Three different machlnes were used during the testing of the
fatigue specimens and, Judging from the overlapping of the plotted
data, the fatigue strengths were not influenced by the machine used.
The machines are shown in figures 4, 5, and 6. The ARL Totating—beam
fatigue machine shown in figure 4 was designed and bullt at the
Aluminum Research Leboratories in 1942 and operates at 1750 rpm. It
was used for most of the tests. The adapters for testing a set of four
specimens are shown In figure 7. During the test the adapter and
specimens formed part of.a rotating beam, the central portion of which
was subJected to a uniform bending moment. The rivets were thus
subJected to a cyclic shearing load which varied from & maximum in one
direction to the same value in the opposite—direction. The 2—inch
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rotating-beam fatigue machine is shown in figure 5. It was designed
and bullt at Aluminum Research Laboratories in 1930 and is described in
reference 3. This machine was originally intended for testing rotating
solid-beam specimens having a diamster of 2 inches at the test section.
By means of the adapters shown In figure 8 it 1s made suitable for
testing these small riveted Joints under completely reversed loading.

It operates at 1400 rpm. A Krouse direct—stress fatigue machine having
& maximum capacity of 5000 pounds is shown in figure 6. This machine
1s also provided with adapters for testing a set of four specimens. It
operates at 1500 rpm. Although this machine 1s sdjusteble to give any
desired loading cycle, the tests were made with completely reversed
stresses. Rach of these machlnes 1s equipped with a limilt switch which
automatically stops the machine when a specimen falls. Each also has a
counter for determining the number of cycles of stress. In the tests in
which the expected life of ‘the specimen was less than about 1000 cycles,
the specimen was rotated by hand and the mumber of cycles counted.

Usually only one of the four Jolnts fails in fatigue and the
specimen then collapses. Occasionally it is difficult to determine the
location of the initial Pailure, whether in the rivet or sheet, hecause
the Joints are murtlilated conslderably by the time the machine comes to
rest.

RESULTS AND DISCUSSION

The individual test results are glven in table IT with information
on the sheet alloy, type of rivet, preparation of the hole, and location
of initial failure. The dats are shown as S curves in figures 9 to 2k,
Tgble IIT summerizes the Indicated fatlgue strengths for certaln numbers
of cycles of stress. The data suggest the following comparisons.,

Various Alloys and Tempers

As shown in figures 25 and 26 all the S-N curves for the various
alloys and tempers of Alclad sheet used in this investigation are of
the same general shape and for each type of Joint the curves lie fairly
close together so that all of them can be covered by a relatively narrow
scatter band. This 1s particularly true of the Jolnts with brazier—
head rivets where the varlsbles of making the specimens can be kept in
closer control. No one sheet alloy shows a consistent superlority over
all of the others 1n these tests but i1t is interestlng to note that
Alclad 24S-T3 is generally on the high side of the group.
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Design of Joint

The data in figures 27 and 28 show that the design of the joint,
whether using rivets with protrudlng heads or with flush heads, glves
a wider range of fatigue strengths then does the cholce of the materlal
from the group studied in this investigation. For high loads per rivet
and small numbers of cycles, the protruding-head rivets in drilled
holes are superlor to flush-~head rivets in machine—countersunk holes.
The relative strength of Joints with dlmpled holes depends on the method
used in dimpling the sheet. In the case of Alclad 7T5S-T6 sheet, the
data in flgure 29 indicate that coin—dimpling is superior to spin—
dimpling, For lives greater than 106 cycles, the fatigue strengths of
all Joints lle within & rather narrow scatter band.

Alvminum Resesrch Laboratories
Aluminum Company of America
New Kensington, Pa., June 1, 1949
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TABLE I.— MECHANICAL FROPERTTES (F SHEET USED IN FATIGUE TESTS OF JOINTS m%—mﬂ—nm

2L5r3) RIVETS IN O.064—INCE~THELICK ALCLAD SHEET

Thi cichess Parallel to direction of rolling Jormal to dig:'ection of rolling

(in.) . Com— Com—
o | ey ot Sompor i MR oy g e ke [T T s i i
Sheet (ﬁi"’aﬁgg) (ps1) Bt"('gzg‘h (percent) B?;:ﬁbh (psi) “(“'p:"ﬁ"‘h {percent) B?;zaﬁth

23 {®Alclad 248-T36 |0.066| 0.0016 | 62968-1| 71,000 | 60,900 | 15.5 | —eeee- 70,050 | 54,100 | 4.0 | —-oem-
2k (®Alolad 245-166 | .068] .0016 | 62968-2| 73,550 | 69,650 6.5 ————- | T2,650 | 68,200 6.3 | --m---
25, 43|®alolad To8-T6 | .06k | .0018 | 63317 | 80,350 | 71,200 | 4.0 | -eeme- [ 78,800 [ 66,850 | 140 | —-----
26 | Alclad XaA7s8-m6| .064 | .0018 | 66420 | 70,450 | 60,850 11.0 -—-=== | 70,450 | 58,900 11,0 | ==e——a-
27, 39|%Alolad 24373 | .06k | .0016 | 67793-1| 68,800 | 51,700 20.3 | = 66,850 | bk, koo 19.0 | =====-
28 |®Alelad 245181 | 08k | .0016 | 67793-2| 68,900 | 62,500 6.5 62,750 | 67,250 | 60,150 6.3 62,400
35, 36| Alclad 148-Th | .06k | .0018 | TH4E6 | 65,500 | k7,300 21.5 37,050 | 64,850 | 40,350 20.5 43,600
37, 38| Alolad 1s6 | .06 | ..0018 | TWET | 68,850 | 62,050 | 110 | 61,650 | 68,200 | 60,700 9.5 | 64,300
W | Alolea THE-T6 | .063 | .o021 75935 ------------ el RS 79,600 | 68,350 12.5 —
b5 | Meled TSS-16 | .065| 0022 | TOTT | memmen | cmeeee R 78,050 | 67,000 { 11.3 | ------
52, 53| Aleclad T8-m6 | .063| .0022 | 80503 | meemem | —oee- e | m—— 18,350 | 66,500 .8 | --me-

8340 alsc refersnce 2.
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TABLE IT.— DESCRIPTION (F SPECIMENS AND RESULTS COF FATIGUE TESTS; JOINTS WITH %—EOH—DIWIR

248131 RIVETS IN 0,064—IRQE-THICK ALCLAD SHEET
[A11 tests made with complete reversal of atress

.| sheet alley Mamufactured coootmn | aePer | Husber of Type or | Mechime |
JTtem (l) ASaa 8TyLd SpoCiman LTSS cycles failure uded Rolarence
of rivet (1b) (2)
26 Algled XATSE-TH Brazier 664203 1230 Statlc Rivet A Flgure 12
-2 350 401,500 Sheet, ART,
-1 250 1,327,200 Shest ARL
-4 200 1,437,500 Sheet ARL
-3 150 12,699,600 Bheet ARL,
28 Alolad 248-T81 Brazier 6TT93-2~1 1000 800 Rivet X Figure 14
-] 860 9,700 RBive$ K
—3 650 39,500 Shest X
2 1150 93 Rivet X
5 Alolad k8- Brazier TUhE6A-2 1260 Btatlo Rivet A Flgmre 15
A7 1100 11 Buekled 2-4n.
-8 1000 2,628 Buckled 2in,
900 8,629 Sheet 2—n,
—3-5 550 99,400 Rivet ARL
—3-11 501 82,800 Bheet K
2 500 185,400 Tooerbaln ART,
—3-12 13 195,400 Bhest; K
23 koo 303,600 Unoertain ABL,
413 93 185,500 Bheat X
—3—10 307 820,800 Bheet K
22 300 1,265,200 Uncertain ARL,
- | 200 7,021,600° Sheet ARL
—4-9 200 - 8,351,100 Sheet K
bl 17k 3,739,000 Sheet E
415 161 114,870,100 Nons E

lada1tional date glven in reference 2.
2aA, Amaler Universal -t.esting machine; ARL, Alumim.:un Research laboratories rotating—beam fatigus machine; K, Krouse direot—stress

fuﬁi ______ Ldﬁa. c.-—J..u., ,L'\JI.‘-I-‘I-J'.“'- 116:-— Ln B o manhdne fn\n 2=4n._d_1-mtw Ep\-‘g#mnnn_
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TABIE IT.— DESCRIPTION (8 SPRCIMGRS /AND RESTINS OF FATIUIE TEITS — Comtinned

Mepmlaototed Load pex Machina
Bheet alloy Humber of Type of
Them haad stylas Bpecimen rivet used
(1) of vivet (1) eycles failure (2) Roforence
36 Alalad 148-Hy Countarsank ThhEER &7o0 Btatic Rivet a Mgurs 16
(naohine) 49 800 6T Rivet £4n,
) TS50 1,550 Rivet 2-4dn,
~2-7 700 10,39 Sheot 2-4n.
%16 500 2500 Tocertaln ARL
T, Ll T, 700 Sheet .4
~8=6 50 4600 Rivet Airt,
1% 500 68,800 Rivet AR,
=25 350 300, T00 Bhes AHL
<423 313 §70,400 Bheut .
~1~-1 300 832,900 Eheet ARL
—4-11 201 3,758,400 Aheet 4
—1-2 200 6,089, Bheot ARL.
~4a2 1T 2,96%,800 Sheet K
~4-10 bLY ¢ 52247,200 8heet x
~H-1h 227 sk, 530,800 Hone .4
97 Alolad 1486 Brazier —A-b—-8 12%0 Static Rivet A Flgure 17
kg 1150 108 Uhosrtaln AHI
~-3-T 1050 1,326 Rivet ART,
—3-5 950 6,507 Shest AHL
24 =0 ,800 Bhowt ARL
~£-3 00 372,400 Taoertain fo: i
-3-10 350 h58,500 Tnoertalin ARL
2.2 300 1,366,100 (hoertain -ARL
w21 200 »32G,800 Sheet ARL
. =511 175 4,915,600 Shaet ARIL,
| 35 150 100,253,200 Rooe ABL
38 Alclad 14816 Courbarsunk ThiETB 900 Statis Rivet A Figure 18
(mashins) 29 800 13 Rivet 2=z,
a7 o 5Q Rivat 2-4n,
ﬁ_e 67350 1,579 Bheet 8-4n.
2500 K
~2-5 500 {;2,600 fheet AEL
ﬁl‘ o E(‘X‘J a7,500 . Unoartain - AHL
50 8,900 Rive} JEL
52 koo 139,100 Fdvet AHL
312 375 22,300 Bhoet ABL
i 300 47,100 Sheet AR
43 205 2,581,600 Shaet AR,
a5 170 5,840,300 Bheet AR
~3-10 126 5,432,000 Bhest X
—5-13 5 15,730,600 Sheet K
Lk 101 213,713, Nooe x

Laadittanal dnte given in refersaos 2.

2y, Amaler Doiversal tasting machine; ABL, Alwslrum Resorxoh Lebormbordes

rotating-bean fuf:tcnu oechine far a-in.-dim'Pn spocimens.

rota‘F.lna—'h-n fatigne machine; X, Xrouse d.‘l.rwf;—-trs- fatigue machine; 2-4n,,

Y
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TABLE IT.— DESCRIPTTON OF SPECIMERS AND RESULTS OF FATIGUE TESTS — Continued
Sheet allgy | Mowfactured Load por | yober of | Type of | Machine
Ttam (l) bead style Specimen rivet cycles fallure used Refsrenoag
of rivet {(1p) ye (2)
39 | Aleled 24813 | Countersunk 67793*1-9 1010 Statio Rivet A Flgurs 19
. (machine) ~1-8 900 483 | Rivet 2-n. -
—3-7 750 12,422 Sheet 2—-1n,
-2-5 550 96,300 [ Sheet AR,
—1-3 150 183,600 | Rivet ART,
—i~2 350 383,000 | BSheet AR,
—1-1 250 2,197,200 | 8heat ART,
-4 200 5,507,200 | Sheet 4RL,
—3-11 150 342,719,000 | Nome AR,
43 | Aleled T5S-16 | Counteraunk 63317 809 Statis A Flgure 20
(meochine) -39 50 28 | Rivet A
—3-8 700 657 Rivet 2-1n,
25 550 60,700 | Shest AR,
—1-3 450 134,800 | Bheet ART,
—1~2 350 264,300 Sheet 122
—1-1 250 876,600 | Bheet ART,
-2 200 2,135,800 | Sheet ARL
26 150 5,741,600 Sheet ART,
—3-7 120 100,552,000 | Nene ART,
M | Aleclad 75816 Coumtersunk 75935 1270 Static Rivet A Mgure 21,
-(spin dimple) —2-3 Loo i, 800 Sheet ART,
-2 300 291,800 Sheet ART,
2 200 3,033,500 | Shest AR,
~35 170 3,52k, T00 : ARL,
36 160 288, 290,800 None ART,
47 996 127 | Sheet K
-8 808 1,725 | Sheet K
-9 600 14,500 | Sheet E

1adaitional data given 1n referemce 2.

QA, Amsler Universal testing machine; ARL, Aluminum Research Laboratories rotating—bsam' ratigus machine;

‘K, Xrouss diroot—stress fatigne machine; 2-in,, rotating-bean fatigue machine for 2—in.—dlameter specimsns.
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TAELE II,— IESCRIPTION OF SPECIMERS AMD RESULTS (F FATIGUE TESTE — Conoluded

Manufactiured Load par Mechine
Bheat alloy Nurber of Type of
tem head style imen vot
t @) oF rivet Spec rhg) oyoles failure t{l_g;d ReTerance
k5 Aloled TE-T6 Comntersunk 1390 Btapic F¥igure 22
(spin dimpls) =T 350 229,600 Sheet ARL
(173131 rivets) —1-1 300 159,100 Sheet Fi:i
- —1-3 200 528,300 Bhest ARL
-4 150 843,400 Shest ARL
—-2-8 135 k6,986,300 Bheet ABL
—-1-5 120 207,763,700 Nones ARL
—2-9 1284 60 Sheet K
-2-13 55k 532 Bheet K
~1-10 818 2,600 Bheet X
~3~11 600 3,400 fhaet X
-3-12 600 6,800 Sheek E
—3~14 AEJT 36,000 Shest K
52 Alglad 798-T6 Counbersunk 805030 1580 Btatic Moure 23
(coin dimple) —3-11 930 2,200 gheet X
=13 450 188,500 Shaet AR,
—1-2 350 368,700 TUncertain ARL
25 300 1,248,400 Bheet ART,
—3-4 250 3,26h 400 gheet; ARL
- 230 2,775,300 8heet AL
- 220 1,479,900 Sheet £EL
-2-8 200 12,205,600 Bheot: ARY.
! ~1-1 200 Tm,735,100 Bane, ARL
~3-12 1266 Bheet, .9
53 Alolad T6-TH Countepsunic 805030 Static _ Figure 2b
{coin dimple) -~3-12 1200 237 Bheat K
-3-10 10007 1,100 Bhest X
-39 823 4,500 Shest K
—3-11 50 10,500 Tnosrtain x
-2-8 L os] 131,300 Sheat ART,
—1-3 500 119,700 Eheet ABT,
-]=2 500 295,300 Sheet ARL
27 300 3, Sheet AHL
—1-4 220 2,3h4,400 Sheat AR,
-2-5 130 3,180,900 Eheet ARL
-2-6 iTo 114,591,600 None' ARL,

1pad1t4onal data given in retersuce 2.

2, smeler Uhiversal fest

Tatigue machine; 2-in., rotating-beam fatigue machine for 2-1n. -dismstar

Q3 Sl AN

ne
=

manhina: £07.. Aluminym Rasasvch Tahorsatorles rotatinshosm tiane wanhina

S e N R R A R ATF AV T enr D "W e W e SRt

0T
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2h8-T31 RIVETE IR Q,004—-INCHE-THICK ALOLAD SHEET

Alolad ﬁaﬁ‘gﬁl-:d Btetic kg gw_li-.p; i‘?’v,';t?mm of ool
Tham sheat of rivet strength (v

sy fe) & 10 10 103 10 105 168 207 108
23 C2he-m36 Bruzler 12508 L1908 h Rl 10108 &ong %503 3308 1708 1208
gh 1 o2kpmes Brazisr 12508 11858 11208 1030 0 550R 2608 1258 1058
e5 oT58-16 Brasier 1BTR 12108 124®R 1015 &2mm 580 2618 1558 hEL
26 XATSR-T Brester 123R 120 STHE 8oam 63 h30E 2558 15 1508
7 024813 Brasier 1255R 12008 11408 10358 858 5908 N8 2108 1876
28 9248761 Bresier 1250R u8m- | 1E 99ae 8o 5 a8 1258 1068
35 18- Prazier 126(R 12008 1R 10%R 88m Lo=R 2837 1558 168
36 1heh Comtermmi? 870m 865R 8 &R 6107 5300 2653 508 1368
37 1hg-m6 rasiar 123ar 120517 1550 106%R 8omm 5358 3003 1708 1558
38 1h3-16 Comnterannkd S00R 81w TE®R = 6hom k358 2hog 1285 1058
39 2513 Comnterswkd 1018 YR 935R 8TR TR AR a7 1008 1658
3 15616 Gounbernmicd Botx TESR TIHR 6958 Eu0 S9UT 2400 5T 1250,
by TSE-T6 Gowrbersunk® 127 204CH B3om &40x hisn 3608 2h0g 1803 1653
Y5 T58-16 Coumtermmk® 1390R 20808 ohOm TooE 6ram 3600 153 L T: ;] 1308
52 o616 Oormtaremyt 15800 13900 12007 5508 W8 =009 2858 2008 2008
53 TE-16 Oountersuk® | oo k008 121 990 7650 5208 2808 188 1808

. Ebhriyen heads wers all flat.

2 following fatigne atrangths have the followlng

meanings
from incomplote 8-X curve; ¥, shoot tuokled, rivets sheered at 1365 pounds.

CReported in refarance 2.

htm b e nrerred avEnnle
WA LL L VW LA UG, S kAR ¢

Spoin-dlwpled with heatsd tools,

1 R, rivet fallwe; 8, sheet fallure; U, wnoertain type of fallmre; B, eatdmmted

2102 ML VOVH

T




12 NACA TN 2012
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Figure 1.- Riveted specimen, 0,084-inch-thick (14-gage) sheet. Maximum

rivet size, 1—36--inch diameter,
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Figure 2.- Panel for fatigue tests of riveted joints.
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Figure 3.- Panel for static tests of riveted joints.
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Figure 4.- ARL rotating-beam fatigue testing machine designed and built at
Aluminum Research Laboratories in 1842,
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Figure 5.~ The 2-inch rotating-beam fatigue testing machine designed and
built at Aluminum Research Laboratories in 1930.
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Krouse direct-siress fatigue testing machine.

Figure 8.-
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Figure 7.- Fixtures for loading riveted joints in ARL rotating-beam fatigue machine.
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Figure 9.- Shear fatigue tests of joints with -l%Finch-diamater 24S-T81 brazier-head rivets driven flat in

drilled holes. épecimen, Alclad 248~T36 sheet 0.084 inch thick by 1 inch wide. TFor data from which
curve is plotted, see table II, reference 2. All tests made with complete reversal of stress.
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.Figure 10.~ Shear fatigue tests of joints with J%—fmch-dia.:t:r:Leter 243~-T31 brazier-head rivets driven flat in

drilled holes, Specimen, Alclad 245-T86 sheet 0.064 inch thick by 1 inch wide. For data from which
curve is plotted, see table II, reference 2. All tests made with complete reversal of stress.
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Load per rivet, 1b

1800
| - |
— =
- e .
1400 Croas section of riveted joint

e

5

800 -~
800 4O
@ Test mads In ARL rotating-beam fatigne machine \Q
Q  Taat moda in 2-in, rotatine-hoam fatous manhina
X Btatic test .
400
200 - .
\-%___.
0
A 1 10 108 108 10t 106 108 107 1B 10?
Numbex of cyclea
icnre 11 = Qhaawr Hema tacta AF '“\-ilnh: arith i—{nnh-rﬂomql-nn OAQ T hwoordanhand wlvrater Aedrram Flak de
T~ R I Y T sk i il hw%“ Uk ? WA WA JUJ.-I-.I.MJ ¥ Ll 16 Adlbrll SALCERLLIGA AL @ CJSELWD Ul WL Ol LT L dACAAd LLIVOLD UL LVTLL LAl
drilled holes. Specimen, Alclad 7563-T6 sheet 0.064 inch thick by 1 inch wide. For data from which
curve is plotied, see table I, reference 2. All tests made with complete reversal of siress.
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Load par rivat, Ib

10UR) = |
o i eee—— |
= = 4
1400 . - Crosa secHon of rivated joint
X—— |
1300 =
\ 7
T

~

1000 St
\ \

800

® Test made {n ARL rotating-beam fatigua l‘naohim\\

X Bimtlc teat ~

7~ Toint &t sot il .
‘400 " .,
\.
300 o~
I P
o .
1 1 10 102 108 10 100 1P 107 1P 109
Number of cyeles )

Figure 12.- Shear fatigue tests of joints with %—inch-diamater 2A5-T31 brazier-head rivets driven flat in

drilled holes. Specimen, Alclad XA75S-T sheet 0.084 inch thick by 1 inch wide. For data from which
curve is plotted, see item 26, table II of present paper. All tests made with complete reversal of stress.
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Figure 14.~- Shear fatigue tests of joints with -l%-mch-diameter 245-T31 brazier-head rivets driven flat in

drilled holes. Speclmen, Alclad 245-T81 sheet 0.064 inch thick by 1 inch wide. For data from which curve
is plotted, see table II of reference 2 and item 28, table II of present paper. All tests made with
complete reversal of stress.
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Figure 15.- Shear fatigue tests of joints with —%-—inch—dia.meter 245~-T'31 brazier-head rivets driven flat in
Specimen, Alclad 148-T4 sheet 0.064 inch thick by 1 inch wide.
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Figure 16.- Shear fatigue tests of joints with -i%-inch-dia.meter 245-T81 countersunk rlvets driven in

machine-countersunk holes. Specimen, Alclad 143-T4 sheet 0.084 inch thick by 1 inch wide. For
data fromwhich curve is plotted, see item 86, table II of present paper. All tests made with complete
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Figure 17.- Shear fatigue tests of joints with —%—inch-diameter 24S~T31 brazijer-head rivets driven flat in

drilled holes. Specimen, Alclad 145-T'6 sheet 0.084 inch thick by 1 inch wide. For data from which

curve is plotted, see item 37, table II of present paper. All tests made with complete reversal of stress.
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Figure 18.- Shear fatigue tests of joints with -%—inch—diameter 248-T381 countersunk rivets driven in

machine-countersunk holes. Specimen, Alclad 14S~T6 sheet 0.064 inch thick by 1 inch wide. For
data from which curve is plotted, see item 38, table II of present paper, All {ests made with complete
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Figure 19.- Shear fatigue tests of joints with %—inch-diameter 248-T31 countersunk rivets driven in
machine-countersunk holes. Specimen, Alclad 243-T3 sheet 0.084 inch thick by 1 inch wide. For

data from which curve is plotted, see ltem 39, table IT of present paper, All tests made with

of present p
complete reversal of stress.
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Figure 20,- Shear fatigue tests of joints with 1%-—i.m:h—diamc-::ter 248-T31 countersunk rivets driven in

machjne-countersunk holes. Specimen, Alclad 755-T6 sheet 0.064 inch thick by 1 inch wide. For
data from which curve is plotted, see item 43, table II of present paper. All tests made with

compieie reversal of siress.
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Figure 22.- Shear fatigue tests of joints with —_%—inc

spin-dimpled holes. Specimen, Alclad 755-16 sheet 0,084 inch thick by 1 inch wide. For data
from which curve is plotted, see item 45, table II of present paper. All tests made with complete

reversal of stress,
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Figure 24,- Shear fatigue tests of joints with T?{g-mch-diameter 248-T31 countersunk rivets driven in

coin-dimpled holes (dimpled “hot,” with heated tools). Specimen, Alclad 753-T sheet 0,064 inch
thick by 1 inch wide. For data from which curve is plotted, see item 53, table II of present paper.
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Figure 25.- Results of shear fatigue tests of joints with Ts--inch-diameter 945-T31 brazier-head rivets
driven in drilied holes.

Specimens, Alclad sheet 0.0684 inch thick by 1 inch wide, various alloys and
tempers,

All tests made with complete reversal of stress.
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Filgure 26.- Results of shear fatigue tests of %-—inch-diameter 2435-T31 countersunk-head rivets driven

in machine -countersunk holes. Specimens, Alclad sheet 0,084 inch thick by 1 inch wide, various alloys
and tempers. All tests made with complete reversal of stress.
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Figure 27.- Results of shear fatigue tests of riveted joints. Specimens , Alclad sheet, 0.064 inch thick

by 1 inch wide, various alloys and tempers. Rivets, -i%-inch-diameter 245-T431, brazler-head in drilled

holes and countersunk-head in machine-countersunk holes, Each scatter band includes Alelad 758-T6 y
245-T3, 143-T6, and 145-T4. Band for brazier-head rivets also includes 243-T81 and 245~T86. All tests

made with complete reversal of stress.
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Figure 28.- Results of shear fatjgue tests of riveted joints. Specimen, Alclad 75S-T6 sheet 0.064 inch
thick by 1 inch wide. Rivets 3 ~=-inch-diameter 245-T31, brazier~head and countersunk-head in
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